Introduction
Overeating among children and adolescents may programme their lipid and other metabolic systems for life. 1 A mother's own nutrition during her childhood may influence her child's risk for cardiovascular disease, diabetes mellitus type II, and hypertension 2 in adulthood and the effects of her nutrition probably cover a wider range of disease determinants. 3 The nutrition of the grandmother during her pregnancy influences the mother's nutrition in utero which in turn influences the grandchild's birth weight. 4 Our interest in the sequels of early life programming and change in the amount of food energy began with Forsdahl's hypothesis that poverty in childhood or adolescence programmes the organism for low energy intake and not for today's high-energy food. The increase in food availability, Forsdahl hypothesised, partly explained some of the incidence of cardiovascular disease. 5 Barker moved the focus back even further to the early stages of life, which lead to the foetal origin hypothesis. He introduced us to the findings that poor food intake during mid-pregnancy results in an enlarged placenta. 6 Placenta size brought us to the issue of genomic imprinting. 7 Hoet 8 found that dietary protein change during the intrauterine life had delayed effects on the offspring's pancreas and insulin secretion. We found that a change in food availability during intrauterine life increased adult 'stroke', sudden death from disease. 9 Our interest in cardiovascular disease prevention 10 and the risk factors related to these delayed effects of early natal nutrition took us back still further to the genome. We asked whether variation in childhood nutrition could influence the maturing gametes. We reasoned that exposure to a poor diet during a period of great need for energy at the prepubertal growth velocity peak and exposure to plenty of food during the slow growth period (SGP) compared to intermediate food availability could be expected to result in high cardiovascular mortality in subsequent generations. However, cardiovascular deaths had a dose-response to the food energy availability during ancestors' SGP only. This in turn depended on prolonging of the survival. Hence, for a period of time transgenerational effects on longevity has attracted our interest. 11 We returned to study cardiovascular causes of death enlarging our body of material by another two cohorts. Besides genetic selection through differential survival/ fertility, one mechanism for transgenerational effects could be epigenetic inheritance. How genomic imprints are initiated, maintained, or erased influences normal or abnormal development and ultimately long-term prevention of disease. 12, 13 A transgenerational 'feed-forward' control loop has been proposed that links grandparents' nutrition with the grandchild's growth. The mechanism could be a specific response to the grandparents' nutritional state, which directly modifies the setting of the gametic imprint on one or more genes. 14 The purpose of this study was to consider the possible transgenerational effects on cardiovascular mortality from nutrition during the slow growth period of childhood.
Materials and methods
The cohorts used for this analysis consisted of 239 probands from three 50% random samples, which resulted in 320 individuals born 1890, 1905 and 1920 in the parish of Ö verkalix in northern Sweden. The cohorts were followed in the local parish registers of the Swedish and Finnish communities as they moved about, and most of them could be traced to their death, emigration, or current residence. Three could not be traced at all, and nine emigrated. (Eight of the latter were 15 -23 years old, and one was 46 years old at the time of emigration). Causes of death were not specified in 14 cases, and 44 were still living, most of them born in 1920. This left us with 250 probands whose death was specified. For 22 of the older generation, only the birth year was available. These were assigned a mid-year birth date. Of the 250, another 11 probands were excluded from the analysis because a birth year was missing for a parent or grandparent. Hence, the cohorts for analysis included 239 probands and each of their parents and grandparents, which resulted in six individuals per proband (Table 1) .
The availability of food in the area during any year was classified based on regional harvest statistics (un-printed), grain prices, 15 the estimates of a 19th century statistician, 16 and general historical facts. Food availability was classified as poor, moderate, or good. Most harvests were completed in September, and the slaughtering of pigs and cattle occurred later in the fall. We used 1 May the year after a crop failure as the time when food was least available. The period following a good harvest when food was most available was represented by 1 November, while intermediate availability was represented by 1 July. The age of a parent or grandparent on those dates was used to determine the availability of food during his or her SGP. The SGP was determined from the growth velocity during childhood measured in centimetre increases per year. The ages for SGP were set at 8 -10 years for girls and 9 -12 years for boys. The period had to be estimated from a modern cohort, and it turned out to be shorter for girls than for boys. 17 Furthermore, the successive decrease in age at puberty during the 19th and 20th centuries had to be taken into account. 18 The delay of the onset of puberty in parents and grandparents and hence the SGP compared to the modern cohort was set at 1 year. A multiple logistic model was applied with two causes of death, cardiovascular disease and diabetes mellitus, as outcome variables. The cause of death was taken from the parish registers and coded at Statistics Sweden, according to the ninth international revision of the classification of diseases (ICD-9). A cardiovascular death was defined as caused by hypertension, coronary artery disease, or stroke; that is, at least one ICD-9 number in the class 400 -439 coded as direct, intermediate, underlying, or contributory cause of death. A diabetes death was also noted when the ICD-9 number 250 was one of the causes. Age at death was used as a covariate. The access of parents and grandparents to a relative abundance of food were explanatory variables. Three explanatory variables were identified: exposure to a 1 November with a surfeit of food but not a 1 May after a crop failure during the SGP; exposure to 1 May after 
Statistical analysis
Bivariate and three multiple logistic regression analyses were performed with cardiovascular and diabetes deaths as the respondent variables. In the first model, the probability of contracting diabetes and cardiovascular disease when parents and grandparents were exposed during their SGP to some year of famine but no year of good harvest were compared with the probability when they were exposed both to years of plenty and scarcity or to years of intermediate harvests. In the second model, the probability for the diseases when an ancestor was exposed to some year of good harvest but to no year of famine were compared with the probability when ancestors were exposed to both famine and a surfeit of food during their SGP or exposed to intermediate years only. In the third analysis, the probability of ancestors being exposed to intermediate availability only during their SGP was compared with the probability when ancestors were exposed to either a surfeit of food or poor availability during their SGP and intermediate years only. Those who had been exposed to both -a year with poor availability and a year with a surfeit of food during their SGP -were treated as 'zero' in the analyses. This group was composed of 7 -22% of ancestors, and it included 27 mothers, 52 fathers, 16 maternal grandmothers, 41 maternal grandfathers, 16 paternal grandmothers, and 29 paternal grandfathers. The explanatory variables were introduced in a logical sequence. After the covariate age at death, the variables for the mother were introduced, followed by the other variables in the following order: father, maternal grandmother, maternal grandfather, paternal grandmother, and paternal grandfather. The program used was PROC LOGISTIC in SAS.
Results

Exposure
During the 19th century and the first years of the 20th century the study area was isolated and impoverished and the crops were often meagre. We classified the harvests of the years 1800, 1812, 1821 and 1829 as total crop failures. During the 1831 -36 period, all of the years except 1834 suffered a total crop failure; however, because 1834 was affected by lack of seed-corn, we also classified it as a year with total crop failure. This was a decade of hardships. We also classified 1809 as a total crop failure because of hostilities between two armies, which requisitioned much of the local food stock and interfered with the harvest. There were total crop failures in 1851 and 1856, and the harvests in 1867, 1877, 1881, 1888 and 1889 were very poor.
A 
Exposure and survival
The three cohorts each had unique exposure to poor and good availability of food during their SGP. The paternal grandfathers exposure to food availability turned out to be of particular interest. Those of the 1890 birth cohort had the most diverse exposure and those of the 1920 birth cohort few and single years of poor availability (Table 2) . A shorter survival of probands when the paternal grandfather had been exposed to plenty of food during SGP was most obvious for the 1905 birth cohort and less obvious for the 1890 birth cohort. In the 1920 birth cohort, this could not be demonstrated (data not shown). The age at death was included as a covariate in the present model.
Number of events caused by cardiovascular disease
There were 123 probands for whom at least one of the causes of death was cardiovascular disease in the range of ICD-9 numbers 400 -439. Diabetes mellitus, ICD-9 number 250, was present in 19 deceased.
Cardiovascular death determined by parents' and grandparents' nutrition during their SGP When a father, during his SGP, experienced a poor availability of food or famine, his son was protected against cardiovascular death. The Odds Ratio (OR) between probands whose father had this experience and other probands was 0.42 and the 95% confidence interval 0.18 -0.99. There was a slight tendency towards protection from cardiovascular death if the paternal grandmother had the same exposure to a crop failure during her SGP (OR 0.54 c.i, 0.26 -1.15 P=0.11). On the other hand, the probands Table 2 The exposure, by number of years during the SGP, to poor and good availability of food for the three birth cohorts' paternal grandfathers In the bivariate analysis, there was a tendency of probands to be protected from diabetes when the father lived through a year or years of a surfeit of food during his SGP (OR 0.14, P=0.06). The same experience for the grandfather tended to be followed by a higher risk for the probands dying from diabetes, according to the bivariate analysis (OR 2.34, P=0.09). In the multivariable analysis, a father's exposure to a surfeit of food during his SGP tended to protect the proband from diabetes (OR 0.13, c.i. 0.02 -1.07, P=0.06). However, if the paternal grandfather was exposed to a surfeit of food during his SGP, then the proband had an over-mortality in diabetes (OR 4.1, c.i. 1.33 -12.93, P=0.01) when age at death and the effects of possible overeating among parents and grandparents during their respective SGP were taken into account.
Fitness
Selection might have resulted in a similar average age at death of survivors up to at least 30 years and a diminishing variation around the average over the generations. In the birth cohorts born in 1890 and 1905, where most probands had died, the average age at death and the variation around it were similar across the generations ( Table 4) .
The response to availability of food during the SGP might reflect earlier selection, for instance, by a high mortality during the first year after birth. The paternal grandfathers exposed to poor availability of food during their infancy had an average life span 69.5 years. Those exposed to good availability of food during this first year of life had an average life span of 69.9 years. Those exposed to intermediate harvests had an average life span of 69.5 years. Table 3 Probands' probability of cardiovascular (ICD-9 numbers 400 -439) death related to their ancestors' exposure to crop failure (and no year of good availability) to a surfeit of food (and no year of poor availability) or to moderate availability of food only during their own slow growth period (SGP) prior to the prepubertal peak. Odds ratio and 95% confidence interval Ancestors are introduced into the model in the following order: mother, father, maternal grandmother and grandfather, and paternal grandmother and grandfather. Availability of food classified from harvests, prices, and other historical facts during times of poor (famines), good, and moderate availability.
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The size of the sibship that included the proband was the dependent variable and the availability of food during the SGP for ancestors was the independent variable in one model. The probands' sibship whose paternal grandfathers had been exposed to a surfeit of food during their SGP numbered 0.66 less than expected and the number of these grandchildren when the paternal grandfather was exposed to a poor availability were 0.61 more than expected according to the model. If the children's father had been exposed to a surfeit during his SGP, the number of children was 0.82 more than expected. (Table 5 ).
The average age of the probands' fathers at the birth of their first child was 27.9 years. Whether the paternal grandfather was exposed to a year of surfeit but no famine during his SGP as opposed to the other way around made no detectable difference (0.4 years, P=0.48). If the fathers themselves were exposed in the same way, the difference was 0.5 years (P=0.53).
For the paternal grandfathers we could only calculate the age at birth of the probands' fathers who were rarely firstborn. The average age was 33.6 years. The exposure described above revealed no detectable selection. The difference was 0.6 years, (P=0.50).
Discussion
We have previously found an association between longevity and food availability during the paternal grandfather's SGP. 11 In this study we have looked specifically at cardiovascular deaths, including diabetes mellitus.
The number of probands with diabetes on their death certificates was very small and does not really allow for the multivariable control of a large number of possible confounders. However, the bivariate influence of overfeeding during the paternal grandfather's SGP was, in itself, indicative of some effect on the proband. Cause of death and ancestors' nutrition G Kaati et al 686 For 22 individuals from the older generations, we found only the year of birth and not the date of birth. A sensitivity analysis excluding them, however, changed results very little (data not shown). In order to establish the period of slow growth velocity, we used a modern cohort and determined the SGP from the growth velocity in cm/year. We then added 1 year because puberty occurred about 1 year later in the older generations. Furthermore, age at puberty for this older group is known to have had a more skewed distribution to the right than it does today. 18 However, we did not consider this. Consequently, our delineation of the SGP is approximate, which might mean that some effects of different nutrition could not be detected. The attrition rate was 25%, the samples included 320 probands and we followed 239. Another 7 -22% of parents or grandparents had been exposed to both a famine and a year with surfeit of food during their SGP, which could be seen as a type of attrition as well. Hence, we assigned them 'zero' in the analyses. The high attrition rate could have distorted the results. We do not know what the older generations actually received from the available food supplies. The individual's social class coupled with the socio-economic circumstances of the area contributes independently to health outcomes. 19 Furthermore, the availability of food was determined for the province as a whole, not just for our small research area, but that means that access to relief supplies within 200 -300 km was unlikely. Food relief from farther away was impossible for people living in the 19th century because there were no railways or roads, and in the winter the frozen Baltic Sea prevented any transport over water.
The outcome parameter, that is, cardiovascular and diabetes mortality, was collected from parish registers and was based on death certificates that are known to be less than accurate with respect to cardiovascular causes. The number of probands in each of the three cohorts was small. Diabetes mellitus, for instance, was a cause of death in only 19 cases, and we do not know whether they suffered from type-1 or type-2 diabetes. The small sample of probands might have left real effects undiscovered.
The probands' own nutrition during embryonic and foetal life might have had significant bearing on stroke in adulthood. 9 Childhood experiences, social environment, circumstances of the adult life, 19 and psychological circumstances might have had a long-term influence on the probands' management of risks for cardiovascular disease. None of these possible effects was taken into account.
Interesting results
The most intriguing result is that nutrition-related circumstances of the social environment had transgenerational associations with cardiovascular and diabetes-related deaths, and that transmissions were down the male line. When the father (P=0.05) and perhaps the paternal grandmother (P=0.11) were exposed to a famine during their SGP, the proband was protected against cardiovascular causes of death. Furthermore, if the paternal grandfather lived through a famine during his SGP it tended to protect the proband from diabetes (P=0.09). Most interesting, however, was the finding that if the paternal grandfathers had access to a surfeit of food during their SGP, the probands (their grandchildren) had a fourfold over-risk for death of diabetes mellitus according to the point estimate (P=0.01).
Selection and fitness
Ancestors of the proband were surviving cohorts and it is possible that genetic selection through differential survival/fertility might explain the findings. The variation around the (similar) average ages at death did not decrease over the three generations, which might mean that selection had not occurred ( Table 2 ). The paternal grandfathers exposed to poor or good availability of food during their infancy were nearly the same average age at death. The paternal grandfather's age when the father of the proband was born was not coherent with the exposure during his SGP. In addition, the father's age at the birth of his firstborn child was not coherent with the exposure during his SGP. If exposure during the SGP had revealed selection based on survival/fertility, then such selection should be detectable in others and not just in the paternal grandfathers. One indication, which is difficult to interpret, was the fact that the number of children in the probands' sibship was higher when the grandfather 'starved' during the SGP and when the father had been exposed to a surfeit of food during his SGP.
Analogies as to mechanisms
Genomic imprinting in its classical genetic sense is not applicable here as it can only happen at the time of fertilisation. The lack of support for genetic selection as a mechanism raises the question, however, as to whether the nutrition-related transgenerational effect down the male line involves direct epigenetic modification of DNA and/or the associated histones. Epigenetic inheritance has been described in mice 20, 21 and in proposing a feed-forward loop linking grandparental nutrition with their grandchildrens growth Pembrey argued that imprinted genes are good candidates for mediating such transgenerational effects. 14 The question remains if such inheritance will turn out to happen during the SGP. The over-risk found for death with diabetes directs our speculations to variation at the variable number tandem repeat (VNTR) minisatellite 5' of the insulin gene which is associated with type-1 diabetes. Variation, most plausible in the VNTR, influences type-2 diabetes susceptibility. This effect is mediated exclusively by the paternally derived allele, which implicates an imprinted gene (possibly IGF2) in the pathogenesis of type-2 diabetes. 22 Ins2 in mice and IGF2 in the yolk sac are likewise expressed solely from the Cause of death and ancestors' nutrition G Kaati et al 687
paternal allele hinting at later insulin and growth related diseases. 23 Nutrition affects ovaries and testes from the moment they form during foetal life through maturity. 24 Too little is known to speculate on how food availability during the SGP might impact epigenetically on the maturing male germ line, but in mice new parental-specific genomic imprints are introduced when sperm and oocytes begin to mature. 25 The probands had a tendency to be protected from cardiovascular death if the mother lived through a year or years with a surfeit of food during her SGP (P=0.05). That result points not only to the DNA of the mother's allele but also to the cytoplasm of the ovum and the influence of nutrition on the height of the mother and size of her pelvis, -both of which influence the probands' risk for cardiovascular disease. Therefore, this finding is not easy to interpret. Many other environmental influences might have been at work as nutrition is coherent with other determinants such as infections. 26 In conclusion, these epidemiological findings draw attention to transgenerational effects down the male line of nutrition-related circumstances during a period of childhood with a bearing on over-risks for cardiovascular disease and diabetes.
